Osteoporosis has become one of the most prevalent bone diseases in developed countries. As the world's population ages, this complex skeletal disorder is predicted to become an even more widespread and serious health condition, posing greater societal economic burden. Current therapeutic agents are limited by clinically significant side effects. In this report, we present a case that suggests intra-articular platelet-rich plasma (PRP) injectate may improve bone mineral density (BMD). This observation raises a question with exciting implications-can PRP serve as a viable and relatively safe, targeted treatment option to improve bone density?
Introduction
Platelet-rich plasma (PRP) is a form of treatment that has shown an exciting promise with regard to optimal and long-lasting hard and soft tissue healing in various fields of medicine, including sports medicine, orthopedics, ENT, ophthalmology, dentistry and maxillofacial surgery. PRP has long had roots in veterinary medicine and its application for dental procedures predates its use in the field of sports medicine by nearly a decade [1] .
PRP is an autologous concentration of platelets in concentrated plasma. Platelets are a rich source of cytokines, interleukin 8 and growth factors including platelet-derived growth factor (PDGF), transforming growth factor (TGF), vascular endothelial growth factor (VEGF) and insulin-like growth factor (IGF). By concentrating growth factors, PRP promotes the healing potential of the body and accelerates the regeneration process [2] .
The application of PRP for the prevention or treatment of osteoporosis has been a looming question with exciting implications. Osteoporosis is a complex bone disease that has become one of the most prevalent skeletal disorders in developed countries. It is characterized by low bone mass and microarchitectural deterioration of the bones, reflecting a disruption in the bone remodeling process. This results in bone fragility and an increased risk of fracture [3] .
The current available strategies to treating osteoporosis target bone resorption inhibition by inhibiting osteoblast activity. The four major anti-resorptive agents used in clinics are estrogen, selective estrogen receptor modulators, bisphosphonates and calcitonin. While these agents have proven to be effective, their long-term use is limited by serious side effects [4] . Furthermore, these agents cannot promote bone formation. As our population ages, it is likely that osteoporosis will become an even more prevalent and serious health condition, posing a greater societal economic burden [3] . The research and development of other more effective therapeutic agents with an improved safety profile are thus imperative.
We report a case of an osteopenic female who was incidentally found to have a 12.2% increase in femoral BMD for several months following an ipsilateral autologous platelet-rich plasma intra-articular hip injection.
Case Presentation
The patient is a 65 year-old female with a long-standing history of left groin pain related to hip joint osteoarthritis. Plain films of the left hip joint revealed minimal degenerative change (Figure 1) , while moderate to severe degenerative changes with labral degeneration were noted on MRI. She received several intra-articular corticosteroid hip injections over a two-year span with significant improvement in her symptoms, though short-lived and lasting only a few weeks at a time. Clinical management was subsequently escalated and she was treated with an autologous platelet-rich plasma intra-articular left hip injection (7/29/2013). At one month post-procedure, an 85% improvement was noted in her symptoms and this same improvement continued to most recently, 8 months post-procedure.
Comparative DEXA bone density measurements of the left femoral neck showed a T-score range from −2.7 to −2.2 over the ages of 51 -63 ( Table 1) . DEXA T-score at the age of 65 and 3 months post-PRP of the left hip showed a 12.2% increase as compared to DEXA results 2 years prior (−2.4 9/2011; −1.8 11/2013). Of note, the patient was not taking any medications targeted to the prevention or treatment of osteopenia during this time with the exception of intermittent Vitamin D supplementation.
Discussion
While PRP's osteogenic properties are not novel, we believe that this report is the first to document a translation of this property as an increase in femoral neck BMD following an ipsilateral intra-articular PRP injection. A [5] . Studies that looked into PRP's potential role in the specific prevention and treatment of osteoporosis were animal rather than human based [3] .
The DEXA results of the patient described above show a 6.8% increase in left femoral neck BMD from 2006-2008 (T scores: −2.7 to −2.4) and a larger 12.2% increase from 2011-2013 (T scores: −2.4 to −1.8). We are unable to explain the increase noted across 2006-2008, however we did verify that other than intermittent supplementation with Vitamin D over the years, the patient has not been taking any targeted treatments to improve BMD. She has been on hormone replacement therapy (Estradiol transdermal patches) over the past 4-5 years to treat symptoms of menopause. While hormone replacement is known to slow bone turnover and increase BMD, the 6.8% increase in her bone density across 2006-2008 does not coincide temporally with her usage. It is also unlikely that this therapy could explain the 12.2% increase in BMD across 2011-2013 since her usage began around 2008 and one would expect a gradual increase in BMD rather than a −0.7% decrease from 2008-2011 followed by the 12.2% increase over 2011-2013. Lastly, while vitamin D has been shown to decrease the incidence of fractures in the osteoporotic population, studies have not shown it to have an effect on BMD [6] . We therefore suggest in this report, that the intra-articular PRP hip injection may account for the larger 12.2% increase in the ipsilateral femoral neck BMD. Should this be a true causal relationship, it may have a significant clinical application.
Fragility fractures are most common at the wrist, spinal vertebrae and hip. The incidence of hip and vertebral fractures increases exponentially with advancing age, while that of wrist fractures levels off after the age of 60 years [7] . The question raised is whether PRP could serve as a viable and relatively safe targeted treatment option to improve local BMD. To our knowledge, a literature review did not yield any information on other available local methods with this property. A limitation of the results presented in this report to consider is that we are unable to say whether this increase is indeed local to the injection region versus a more global increase in BMD. However, one would rationalize that the injection's effect would likely be more of a local one.
Bone remodeling is a complex process involving the close interactions between different progenitor cell lineages, mainly osteo-and adipo-progenitor cells. Several lines of evidence support this relationship between osteoblastogenesis and adipogenesis. Clinically, it has been demonstrated that the increased adipogenesis and fat content in the bone marrow is inversely correlated with decreased BMD in the elderly and osteoporotic population [3] . These findings indicate that osteoporosis could be the result of age-related infiltration of marrow fat, which suppresses osteoblast differentiation, function and survival [8] . Various signaling pathways with both local and systemic effects control the balance between osteoblast and adipocyte differentiation of mesenchymal stem cells [9] .
A group of researchers in China, Lo et al., demonstrated that intraosseous transplantation of PRP-treated osteoblast-like cells into ovariectomized senescence-accelerated mice (OVX-SAMP8) prevented the development of osteoporosis [10] . PRP's ability to promote osteogenesis specifically involves but is not limited to PDGF and TGF-B1, which have been shown to promote the proliferation and differentiation of osteoblasts. TGF-B1 additionally inhibits the differentiation of adipocytes while IGF plays an important role in bone matrix synthesis and fat elimination. A later study by the same group confirmed and demonstrated that PRP treatment in this animal model mainly exerted its action via promoting bone regeneration with simultaneous suppression of adipogenesis within the marrow. "Collectively, PRP represents an ideal molecular modulator for osteogenesis" [3] .
Conclusion
The use and clinical validation of PRP are still in its early stages. Further research is necessary in establishing a clear relationship between PRP and the prevention and/or treatment of osteoporosis in humans. With the progressive lengthening of the human life-span and advancing population age, osteoporotic fractures are predicted to become an even greater cause of morbidity, disability and in the case of hip fractures, even premature death. Furthermore, treatment of these fractures is currently already a considerable economic burden, costing billions of dollars per year [7] . PRP may be able to offer a safer but also potentially more localized treatment alternative to the available medications today, which have notoriously been known to increase the risk of developing atrial fibrillation and fractures related to bone abnormalities.
